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Abstract

Objectives: To evaluate the association between adipose tissue distribution and early allograft dysfunction (EAD) in
liver transplantation (LT) recipients.

Methods: A total of 175 patients who received LT from April 2015 to September 2020 were enrolled in this retrospec-
tive study. The areas of abdominal adipose tissue and skeletal muscle of all patients were measured based on the
preoperative CT images. The appropriate statistical methods including the propensity score-matched (PSM) analysis
were performed to identify the association between adipose tissue distribution and EAD.

Results: Of 175 LT recipients, 55 patients (31.4%) finally developed EAD. The multivariate logistic analysis revealed
that preoperative serum albumin (odds ratio (OR) 0.34, 95% confidence interval (Cl) 0.17-0.70), platelet-lymphocyte
ratio (OR 2.35,95% Cl 1.18-4.79), and visceral adipose tissue (VAT) area (OR 3.17,95% Cl 1.56-6.43) were independent
associated with EAD. After PSM analysis, VAT area was still significantly associated with EAD (OR 3.95,95% Cl 1.16—
13.51). In survival analysis, no significant difference was identified in one-year graft failure (log-rank: p=0.487), and
conversely result was identified in overall survival (OS) (log-rank: p=0.012; hazard ratio (HR) 4.10, 95% CI 1.27-13.16).

Conclusions: LT recipients with high VAT area have higher risk for the occurrence of EAD, and high VAT area might
have certain clinical value for predicting the poor OS of patients. For LT candidates with large amount of VAT, the clini-
cians can take clinical interventions by suggesting physical and nutritional treatments to improve outcomes after LT.
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Key points

« Liver transplantation (LT) recipients with high vis-
ceral adipose tissue (VAT) area were more likely to
develop early allograft dysfunction.

+ High VAT area may be associated with poor OS in
LT recipients.

+ LT candidates with high VAT area may be targets for
timely therapeutic interventions.

Introduction

Liver transplantation (LT) is the only effective therapeu-
tic way for patients with end-stage liver disease [1]. In
the past decades, several developments in surgical tech-
niques, immunosuppression, and perioperative care have
dramatically improved the postoperative outcomes [2, 3].
However, a considerable number of patients still develop
graft insufficiency and failure after LT due to various
kinds of postoperative complications, which may cause
declines of survival rate and quality of life of patients.

EAD is a common and critical complication after LT,
which indicates early graft function insufficiency and
adversely influences patient and graft survival [4-6].
EAD was defined as the presence of at least one of the
following criteria: total bilirubin>10 mg/dL on postop-
erative day 7; international normalized ratio (INR)>1.6
on postoperative day 7; and alanine aminotransferase
(ALT) or aspartate aminotransferase (AST)>2000 IU/L
within the first postoperative 7 days [7]. Previous studies
have shown that multiple factors lead to the occurrence
of EAD, among which the recipient-related factors play
an important role in the development of EAD [8-10].
The early prediction of EAD is helpful to discern recipi-
ents who may develop poor outcomes and stratify recipi-
ents for personalized treatment.

Obesity is known to be one of the important risk factors
associated with poor post-transplant outcomes in terms
of increased morbidity, which has long been considered
a relative contraindication for organ transplantation
[11-14]. Obesity was defined by the presence of exces-
sive body fat accumulation to the extent that can lead to a
variety of diseases and pathologies, including type 2 dia-
betes, hypertension, cardiovascular disease and nonalco-
holic steatohepatitis, and several cancers [15]. The body
mass index (BMI) has been considered as a standard of
measuring obesity for a long time. Multiple previous
studies have shown that BMI demonstrates association
with outcomes after LT [16, 17]. However, recent reports
have shown that the adipose tissue distribution meas-
ured by axial computed tomography (CT) imaging could
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distinguish between visceral and subcutaneous fat, which
can provide more accurate and direct measurement of
obesity, over and above the BMI. Many researches have
revealed the fat distribution correlates significantly with
complications and mortality in various kinds of disease
[18-21]. To date, few studies have directly investigated
measured the association between body fat distribution
and EAD after LT. Thus, this retrospective study aims to
determine the association between preoperative adipose
tissue distribution and EAD in LT recipients and further
explore the value of the most meaningful body distribu-
tion indicator for predicting overall survival (OS) and
one-year graft failure of patients.

Methods

Study population

The Institutional Review Board of local hospital approved
this study and the requirement for patient informed con-
sent was waived. This study retrospectively evaluated
459 adult patients (age> 18 years) who underwent LT
from April 2015 to September 2020. 284 patients were
excluded based on the following criteria: (1) patients
without preoperative abdominal CT scans (n=257); (2)
patients with preoperative abdominal CT scans which
is more than 3 months (n=14); (3) patients with insuf-
ficient scanning coverage of subcutaneous adipose tissue
(SAT) during CT examination (n=7); and (4) patients
who received re-transplantation or combined liver and
kidney transplantation (n=6). Finally, 175 patients were
included in this study and their CT images were analyzed
(Fig. 1). For patients with multiple abdominal CT exami-
nations within 3 months before LT, CT scan with the
shortest time interval between imaging and the operation
was used for this analysis.

Data collection

Clinical information of all patients, including baseline
characteristics and perioperative laboratory variables
were extracted from electronic medical records. BMI
(weight in kg divided by height in meters squared) was
based on weight and height measured during this hospi-
tal stay within one week prior to surgery. Patients were
followed from the date of operation until April 10, 2021,
or death. Follow-up time varied from 8 to 72 months,
and the mean follow-up time was 28 months. Of 175 LT
recipients, 134 patients were tracked until the end of fol-
low-up. The patients who were tracked for less than one
year form the date of operation to the end of follow-up
were excluded in one-year graft survival analysis (n=30)
(Fig. 2).
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Fig. 2 Flowchart of the follow-up

Outcome parameters

The primary outcome measurement for this study was
EAD, which was defined as the presence of at least
one of the following criteria: (1) bilirubin > 10 mg/dL
on postoperative day 7; (2) international normalized
ratio (INR)>1.6 on postoperative day 7; (3) alanine
aminotransferase (ALT) or aspartate aminotransferase
(AST) >2000 IU/L within the first postoperative 7 days
[7]. The secondary outcomes were overall survival
and one-year graft failure. One-year graft failure was
defined as re-transplantation or death, whichever was
first in one year after LT [22].

CT protocol

All preoperative abdominal CT examinations were per-
formed at our institution using CT scanners (Discov-
ery CT 750 HD, GE Healthcare, USA; Somatom Force/
Somatom Definition AS+, Siemens Healthineers, Ger-
many; uCT 780, United Imaging, China) in a supine,
feet-first position. Intravenous contrast media 370 mg/
mL iopromide (Ultravist 370, Bayer Schering Pharma,
Berlin, Germany) was administered at a flow rate of
3.5 mL/s, followed by a 20-mL saline flush. The total
contrast volume was 1.5 mL/kg. Contrast material was
injected through the ante-cubital vein with an 18-gauge
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intravenous cannula using a dual-head injector (Stel-
lant, Medrad, CO, USA), each with an injection time of
20 s.

The time of arterial phase scanning was determined
when a threshold enhancement of 120 HU was achieved
in the abdominal aorta. Portal phase imaging was initi-
ated 25-30 s after the completion of arterial phase scan-
ning. The main CT scanning parameters were as follows:
tube voltage, 120 kV; automatic tube current modula-
tion; scanning thickness, 10 mm; table speed, 39.37 mm/
rotation; rotation time, 0.5 s; detector pitch, 0.984:1;
matrix size=512 x 512. All CT images were then recon-
structed with a slice thickness of 5 mm.

CT measurements

The cross-sectional CT image at the level of third
lumbar vertebra (L3) to quantify skeletal muscle and
abdominal adipose tissue area was analyzed [23]. Pre-
operative CT images were analyzed using Image]
software (http://rsbweb.nih.gov/ij/download.html).
A semi-automated method defined by density win-
dow was used to measure the body composition vari-
ables by manually outlining of the border of the muscle
and excluding of the bowel contents. Skeletal muscles
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include the psoas, erector spinae, quadratus lumbo-
rum, transversus abdominis, latissimus dorsi, external
and internal obliques, and rectus abdominis [24]. Tis-
sue Hounsfield unit (HU) thresholds were employed
as follows: — 29 HU to 150 HU for skeletal muscle area
(SMA),—190 HU to—30 HU for SAT area and intra-
muscular adipose tissue (IMAT) area, and — 150 HU
to— 50 HU for visceral adipose tissue (VAT) area [25,
26]. The different portions of adipose tissue distribu-
tion at L3 are shown in Fig. 3. The mean attenuation of
the entire skeletal muscle (SMD) was also measured.
The increase in IMAT and correspondingly decline of
SMD represent decrease in strength and muscle quality
[26]. The visceral to subcutaneous adipose tissue area
ratio (VSR) was also calculated, and it was usually used
to reflect visceral adiposity [19].

Statistical analysis

Continuous variables were presented as median (inter-
quartile range, IQR) and were compared by an inde-
pendent sample Student t test or Mann—Whitney U test.
Categorical variables were presented as number (per-
centage) and compared by the Chi-squared analysis or
Fisher’s exact test. Variables with p <0.10 in univariate

Fig. 3 Cross-sectional computed tomography images at the level of the third lumbar vertebra. A Subcutaneous adipose tissue area (yellow) was
quantified using — 190 to — 30 Hounsfield units (HU). B Visceral adipose tissue area (red) was quantified using — 150 to — 50 HU. C Skeletal muscle
area (green) was quantified using — 29 to 150 HU. D Intramuscular adipose tissue area (blue) was quantified using — 190 to — 30 HU
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analysis were considered candidates for multivari-
ate logistic regression analysis to identify the risk fac-
tors associated with EAD. To further demonstrate the
relationship between VAT area and EAD, one-to-one
propensity-score matching (PSM) method (n=45 pairs)
was used to minimize the impact of selection bias and
potential confounding factors between different groups.
The following variables were entered into the propensity
model: age, gender, BMI, serum albumin, platelet-lym-
phocyte ratio (PLR). The propensity scores for subjects
with and without EAD were matched within a caliper of
0.02. The ideal cut-of value of was set as the value maxi-
mizing the Youden index according to the receiver oper-
ating characteristic (ROC) curve. Cumulative rates of
overall survival and one-year graft failure were calculated
using Kaplan—Meier method and log-rank test. The haz-
ard ratio (HR) was obtained by Cox univariate regression
analysis. Statistical analysis was performed with SPSS
version 25 statistical software (Chicago, IL, USA) and
MedCalc (https://www.medcalc.org/). All tests were two-
sided, and values of p <0.05 were considered statistically
significant.

Results

Patient characteristics

Out of all 459 LT cases performed within the given time
frame, a total of 175 recipients were enrolled in this study
and EAD occurred in 55 (31.4%) cases. The clinical and
body composition characteristics of patients in the two
groups are summarized in Table 1. Median recipient
age at transplant was 49 (42-54) [IQR] years, and 81.1%
(n=142) of patients were male. No significant differences
in age and gender were found between the two groups
(p=0.435; p=0.069, respectively). The median BMI
value was 22.5 (20.3-24.7) [IQR] kg/m? in all patients,
and the EAD group was significantly more likely to have
higher BMI value than No EAD group (23.2 vs 22.0,
p=0.019). The most common reasons for LT were hepa-
tocellular carcinoma (45.7%), viral hepatitis infection
(38.3%), followed by primary biliary cirrhosis and auto-
immune liver disease (8.0%), other diseases (4.6%), and
alcoholic cirrhosis (3.4%). The hepatic features including
Child—Pugh score and MELD score were slightly higher
in the EAD group than in the No EAD group, but the dif-
ference was not statistically significant (7 vs 6, p=0.189;
13 vs 12, p=10.507, respectively).

Body composition analysis

The median SAT and VAT area were 90.6 (61.5-131.5)
[IQR] cm? and 77.9 (49.3-120.7) [IQR] cm? in all
patients, respectively. Significant differences were
observed between EAD group and No EAD group in
SAT and VAT area (109.3 vs 84.6, p=0.013; 101.0 vs 69.6,
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p<0.001, respectively). There were no significant differ-
ences between EAD group and No EAD group in SMA
and VSR (143.4 vs 132.2, p=0.075; 0.95 vs 0.86, p =0.084,
respectively). The EAD group has higher IMAT area and
correspondingly lower SMD value, but the differences
were not statistically significant (3.4 vs 2.9, p=0.068; 43.0
vs 44.0, p=0.350, respectively).

Multivariate logistic analysis of risk factors for EAD

Nine of the examined variables with p value close to
0.10 in univariate analysis including gender, BMI, preop-
erative serum albumin, PLR, SMA, SAT, VAT, VSR, and
IMAT were applied to multivariate analysis to identify
the risk factors associated with EAD (p=0.069; p =0.019;
p=0.085 p=0.100; p=0.075 p=0013; p<0.001;
p=0.084; p=0.068, respectively) (Table 2). However,
on multivariate analysis, only preoperative serum albu-
min (odds ratio (OR) 0.34, 95% confidence interval (CI)
0.17-0.70, p=0.004), PLR (OR 2.35, 95% CI 1.18-4.79,
p=0.018), VAT area were independently associated
with EAD and the VAT area was with the biggest OR
among the three variables (OR 3.17, 95% CI 1.56-6.43,
»=0.001).

Propensity score-matched analysis

PSM analysis was performed to minimize the poten-
tial bias and further verify the accuracy of VAT area as
risk factor of EAD. Patients were matched for age, gen-
der, BMI, serum albumin, and PLR. Finally, 45 pairs of
patients were selected using one-to-one PSM method
(Table 3). Five of examined variables with p value close
to 0.10 in univariate analysis including Child—Pugh class,
SMD, VAT, VSR, and IMAT were applied to multivari-
ate analysis (p=0.085; p=0.059; p=0.047; p=0.042;
p=0.042, respectively), and VAT area was still indepen-
dently associated with EAD in multivariate analysis (OR
3.95, 95% CI 1.16-13.51, p=0.029) (Table 4). Besides,
SMD exhibited significant association with EAD in mul-
tivariate analysis after PSM (OR 3.84, 95% CI 1.23-12.00,
p=0.020).

Survival analysis

The VAT area of 85.2 cm? was the optimal cut-off value
with the highest Youden’s index (Youden’s index=0.25,
sensitivity =64%, specificity=62%) for predicting post-
operative EAD. In one-year graft failure analysis, 45
patients were classified into high VAT area group among
which 6 patients were confirmed graft failure and 59
patients were classified into low VAT area group among
which 5 patients were confirmed graft failure. Kaplan—
Meier analysis revealed that no significant difference
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Table 1 Clinical and body composition characteristics of the patients
Variables Total EAD No EAD p value
(n=175) (n=55) (n=120)
Age (years), median (IQR) 49 (42-54) 43 (50-55) 49 (41-54) 0435
Gender (M/F), N (%) 142/33 (81.1/18.9) 49/6 (89.1/10.9) 93/27 (77.5/22.5) 0.069
BMI (kg/m?), median (IQR) 22.5(20.3-24.7) 23.2(20.8-24.9) 22.0(19.9-24.2) 0.019
Viral status, N (%) 0316
HBV/HCV/HBV + HCV/None 132/8/1/34 (75.4/4.6/0.6/19.4) 42/1/1/11(76.4/1.8/1.8/20.0) 90/7/0/23 (75.0/5.8/0.0/19.2)
Etiology, N (%) 0377
Viral hepatitis 67 (38.3%) 20 (36.4%) 47 (39.2%)
Alcoholic cirrhosis 6 (3.4%) 2 (3.6%) 4 (3.3%)
Hepatocellular carcinoma 80 (45.7%) 29 (52.7%) 51 (42.5%)
Primary biliary cirrhosis and Autoimmune liver 14 (8.0%) 2 (3.6%) 12 (10.0%)
disease
Other 8 (4.6%) 2 (3.6%) 6 (10.9%)
Coexisting conditions, N (%)
Smoking 70 (40.0%) 22 (40.0%) 48 (40.0%) >0.999
Drinking 54 (30.9%) 18 (32.7%) 36 (30.0%) 0.717
Hypertension 15 (8.6%) 6 (10.9%) 9 (7.5%) 0455
Diabetes 18 (10.3%) 4 (7.3%) 14 (11.7%) 0434
Cardiovascular and cerebrovascular disease 8 (4.6%) 3 (5.5%) 5 (4.2%) 0.709
Chronic kidney disease 2(1.1%) 1(1.8%) 1 (0.8%) 0.531
Hepatic features
Child-Pugh class A/B/C, N (%) 88/70/17 (50.3/40.0/9.7) 26/20/9(47.3/36.4/16.4) 62/50/8 (51.7/41.7/6.7) 0.131
Child-Pugh score, median (IQR) 6 (5-8) 7 (5-9) 6 (5-8) 0.189
MELD Score, median (IQR) 12 (9-18) 13 (9-18) 12(8-17) 0.507
Preoperative laboratory values
ALT (U/L), median (IQR) 29 (19-47) 31 (20-54) 29 (18-45) 0423
AST (U/L), median (IQR) 39(28-72) 44 (27-77) 39 (28-64) 0522
ALP (U/L), median (IQR) 104 (79-155) 106 (83-144) 103 (76-163) 0.778
LDH (U/L), median (IQR) 209 (171-267) 207 (173-271) 209 (166-261) 0.714
Total bilirubin (umol/L), median (IQR) 306 (16.7-79.2) 31.6(18.4-99.7) 27.4(14.9-73.1) 0411
Albumin (g/L), median (IQR) 36.2 (31.9-40.8) 354(314-39.2) 37.1(32.6-41.4) 0.085
Creatinine (umol/L), median (IQR) 68 (57-76) 69 (61-75) 66 (56-76) 0.584
Blood ammonia(umol/L), median (IQR) 57 (44-74) 60 (49-79) 55 (43-74) 0.299
Neutrophil (x 10%/L), median (IQR) 2.58(1.53-4.57) 261 (1.35-5.37) 247 (1.59-3.94) 0.908
Lymphocyte (x 10°/L), median (IQR) 0.95 (0.56-1.39) 1.00 (0.51-1.42) 0.89 (0.57-1.36) 0.742
Platelet (x 10%/L), median (IQR) 72 (44-131) 84 (51-139) 63 (42-128) 0.113
NLR, median (IQR) 2.71(1.90-4.98) 2.50 (1.64-5.80) 2.80(1.92-4.86) 0.726
PLR, median (IQR) 86.67 (56.53-138.52) 104.43 (65.77-170.0) 84.61 (51.68-132.48) 0.100
Prothrombin time(s), median (IQR) 16.6 (14.6-19.6) 16.6 (14.5-20.1) 16.6 (14.6-19.5) 0.890
INR, median (IQR) 1.35(1.14-1.65) 136 (1.13-1.72) 1.35(1.14-1.64) 0.900
Body composition variable
SMA (cm?), median (IQR) 1373 (113.2-1564) 1434 (123.0-166.2) 132.2(109.4-156.2) 0.075
SMD (HU), median (IQR) 37.3(43.6-47.9) 43.0 (34.2-48.6) 44.0 (38.7-47.7) 0.350
SAT (cm?), median (IQR) 90.6 (61.5-131.5) 109.3 (76.0-149.2) 84.6 (49.5-128.4) 0.013
VAT (cm?), median (IQR) 77.9 (49.3-120.7) 101.0 (61.3-157.0) 69.6 (39.1-108.0) <0.001
VSR, median (IQR) 0.87 (0.64-1.14) 0.95(0.71-1.22) 0.86 (0.60-1.08) 0.084
IMAT (cm?), median (IQR) 3.1 (2.0-54) 34(24-6.0) 29(1.9-5.2) 0.068

The bold indicated the items with statistically significant difference between the two groups

EAD, early allograft dysfunction; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for end-stage liver disease; ALT, alanine

aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; NLR, Neutrophil-lymphocyte ratio; PLR, platelet—

lymphocyte ratio; INR, international normalized ratio; SMA, skeletal muscle area; SMD, the mean attenuation of skeletal muscle; SAT, subcutaneous adipose tissue; VAT,
visceral adipose tissue; VSR, visceral to subcutaneous adipose tissue area ratio; IMAT, intramuscular adipose tissue
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Table 2 Multivariate analysis of risk factors for early allograft dysfunction (EAD)
Variables EAD No EAD p value Multivariate analysis

(n=55) (n=120) (<0.10)

OR 95% Cl p value

Gender (M/F), N (%) 49/6 (89.1/10.9) 93/27 (77.5/22.5) 0.069
BMI (kg/mz), median (IQR) 23.2(20.8-24.9) 22.0(19.9-24.2) 0.019
Albumin (g/L), median (IQR) 35.4(31.4-39.2) 37.1(32.6-41.4) 0.085 0.34 0.17-0.70 0.004
PLR, median (IQR) 104.43 (65.77-170.0) 84.61(51.68-132.48) 0.100 235 1.18-4.79 0.018
SMA (cm?), median (IQR) 1434 (123.0-166.2) 132.2(109.4-156.2) 0.075
SAT (cm?), median (IQR) 109.3 (76.0-149.2) 84.6 (49.5-1284) 0.013
VAT (cm?), median (IQR) 101.0 (61.3-157.0) 69.6 (39.1-108.0) <0.001 3.17 1.56-6.43 0.001
VSR, median (IQR) 0.95(0.71-1.22) 0.86 (0.60-1.08) 0.084
IMAT (cm?), median (IQR) 34(24-6.0) 29(19-52) 0.068

The bold indicated the items with statistically significant difference

EAD, early allograft dysfunction; OR, odds ratio; 95% Cl, 95% confidence interval; BMI, body mass index; PLR, platelet-lymphocyte ratio; SMA, skeletal muscle area; SAT,
subcutaneous adipose tissue; VAT, visceral adipose tissue; VSR, visceral to subcutaneous adipose tissue area ratio; IMAT, intramuscular adipose tissue

was identified in one-year graft failure between the two
groups (average survival time: 11.0 vs 10.9, p=0.487)
(Fig. 4a). In OS analysis, 61 patients were classified into
high VAT area group among which 51 patients were alive
until the end of the follow-up and 73 patients were clas-
sified into low VAT area group among which 69 patients
were alive until the end of the follow-up. Kaplan—Meier
analysis revealed that the difference was significantly
between the two groups (average survival time 67.0 vs
53.5, p=0.012) (Fig. 4b). The risk of death in the high
VAT area group was 4.10 times that of the low VAT area
group (HR 4.10, 95% CI 1.27-13.16, p=0.018).

Discussion

EAD is a critical complication after LT, which contributes
to high mortality. Therefore, a better understanding of
the risk factors associated with EAD can help to improve
pre-LT patient management and post-LT outcome. In
this study, we comprehensively analyzed the impact of
adipose tissue distribution on outcomes in patients who
underwent LT and determined that VAT area was inde-
pendently associated with the development of EAD. In
addition, we found that recipients with high visceral fat
area have worse OS compared with those with relatively
low visceral fat area. Therefore, the early identification of
those patients who have excess visceral fat may not only
prompt a therapeutic intervention, but also warn of an
increased risk of poor outcomes.

Limited value of BMI

Our current results indicated that 31.4% of the recipi-
ents occurred EAD after LT, which was consistent with
the range of 5.2—-38.7% reported in previous studies [4-8,
27]. In this study, EAD group tend to have slightly higher
BMI value than No EAD group before PSM analysis. At

present, the relationship between BMI and prognos-
tic outcome post-transplant needs further verification.
Although some studies have revealed an association
between pretransplant high BMI value of recipients
and poor survival after LT for both adult and pediatric
recipients [15, 28, 29], recent studies reported that BMI
was not associated with higher risk of post-transplant
vascular and biliary complications, graft loss, and death
[16, 30—-32]. The inconsistent results could be attributed
to different BMI grouping criteria and the limitations
of BMI value in predicting outcomes after LT including
the overestimated influence of fluid accumulation or sys-
temic edema and inability to discriminate different com-
ponents of body composition. Therefore, the application
of BMI to reflect obesity and assess prognosis is limited.
Body composition measurement based on CT images can
provide more accurate information and may be regarded
as a useful tool with prognostic value in recipients after
LT.

Potential fat distribution indices

Many recent reports have indicated that excessive accu-
mulation of abdominal adipose tissue significantly
correlates with postoperative outcomes, including com-
plications and mortality in patients with various cancers
[19, 20, 33, 34]. In this study, we observed significant dif-
ferences between the two groups in the SAT and VAT
area before PSM analysis. However, the difference was
no longer significant in the SAT area after PSM analy-
sis. The different results between VAT and SAT were on
the basis of their differences in anatomical location, cel-
lular, molecular, and metabolic activity [35]. Our results
also found that the EAD group have significantly higher
IMAT area than No EAD group after PSM analysis and
the SMD exhibited significant association with EAD in
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Table 3 Clinical and body composition characteristics of patients after propensity scoring-matched (PSM) analysis
Variables Total EAD No EAD p value
(n=90) (n=45) (n=45)
Age (years), median (IQR) 50 (42-54) 50 (41-55) 48 (42-53) 0324
Gender (M/F), N (%) 81/9(90.0/10.0) 39/6(86.7/13.3) 42/3(93.3/6.7) 0.482
BMI (kg/m?), median (IQR) 22.9(20.7-24.8) 22.9(20.8-24.7) 22.7 (20.7-25.5) 0.993
Viral status, N (%) 0.221
HBV/HCV/HBV 4+ HCV/none 72/3/1/14 (80.0/3.3/1.1/15.6) 33/1/1/10(73.3/2.2/2.2/22.2) 39/2/0/4 (86.7/4.4/0.0/8.9)
Etiology, N (%) 0.780
Viral hepatitis 33(36.7%) 16 (35.6%) 17 (37.8%)
Alcoholic cirrhosis 4 (4.4%) 2 (4.4%) 2 (4.4%)
Hepatocellular carcinoma 49 (54.4%) 24 (53.3%) 25 (55.6%)
Primary biliary cirrhosis & Autoimmune liver disease 3 (3.3%) 2 (4.4%) 1(2.2%)
Other 1(1.1%) 1(2.2%) 0(0.0%)
Coexisting conditions, N (%)
Smoking 39 (43.3%) 17 (37.8%) 22 (48.9%) 0.288
Drinking 27 (30.0%) 12 (26.7%) 15 (33.3%) 0.490
Hypertension 5(11.1%) 4 (8.9%) 1(2.2%) 0357
Diabetes 8 (8.9%) 4 (8.9%) 4 (8.9%) >0.999
Cardiovascular and cerebrovascular disease 3(3.3%) 2 (4.4%) 1(2.2%) >0.999
Chronic kidney disease 2(2.2%) 1(2.2%) 1(2.2%) >0.999
Hepatic features
Child-Pugh class A/B/C, N (%) 45/36/9 (50.0/40.0/10.0) 24/14/7 (53.3/31.1/15.6) 21/22/2 (46.7/48.9/4.4) 0.085
Child-Pugh score, median (IQR) 7 (5-8) 6 (5-9) 7 (5-8) 0.798
MELD Score, median (IQR) 12(9-16) 12(9-17) 13 (8-16) 0.987
Preoperative laboratory values
ALT (U/L), median (IQR) 29 (19-51) 27 (19-53) 30 (19-49) 0.824
AST (U/L), median (IQR) 40 (28-71) 40 (27-73) 39 (29-62) 0.929
ALP (U/L), median (IQR) 105 (82-140) 104 (84-141) 105 (78-139) 0.837
LDH (U/L), median (IQR) 201 (174-270) 204 (177-270) 198 (173-269) 0.865
Total bilirubin (umol/L), median (IQR) 31.0 (16.6-74.8) 29.7 (17.9-82.2) 36.5(12.4-76.5) 0.862
Albumin (g/L), median (IQR) 35.8(31.4-40.2) 35.8(31.7-40.7) 35.8(31.1-40.2) 0.842
Creatinine (umol/L), median (IQR) 68 (59-75) 69 (60-73) 66 (58-79) 0.762
Blood Ammonia(umol/L), median (IQR) 56 (46-73) 57 (48-63) 56 (41-75) 0.900
Neutrophil (x 10°/L), median (IQR) 244 (152-4.27) 2.51(1.31-4.57) 2.39(1.67-4.09) 0.594
Lymphocyte (x 10%/L), median (IQR) 1.09 (0.63-1.49) 1.10 (0.64-1.55) 1.09 (0.61-1.47) 0.815
Platelet (x 10%/L), median (IQR) 76 (50-162) 84 (51-132) 68 (49-174) 0.981
NLR, median (IQR) 260 (1.71-4.82) 2.33(1.60-4.77) 2.75(1.83-4.92) 0.490
PLR, median (IQR) 82.61 (60.68-143.02) 78.26 (60.87-139.49) 90.00 (56.44-145.11) 0.821
Prothrombin time(s), median (IQR) 16.5 (14.5-19.1) 164 (14.2-20.2) 16.6 (14.6-18.7) 0.834
INR, median (IQR) 1.33(1.13-1.62) 1.32(1.12-1.73) 1.35(1.14-1.54) 0.929
Body composition variable
SMA (cm?), median (IQR) 1434 (127.6-162.2) 143.4(123.5-158.8) 142.0 (127.7-164.4) 0.588
SMD (HU), median (IQR) 45.5(39.6-50.1) 44.4 (36.6-49.7) 45.8(41.4-50.7) 0.059
SAT (cm?), median (IQR) 98.9 (69.3-130.1) 107.4 (73.6-135.3) 90.6 (57.7-131.8) 0.503
VAT (cm?), median (IQR) 84.6 (51.8-127.4) 88.2(59.1-141.8) 73.0(30.1-122.7) 0.047
VSR, median (IQR) 0.86 (0.60-1.08) 0.93 (0.70-1.21) 0.80 (0.57-0.99) 0.042
IMAT(cm?), median (IQR) 3.0(2.0-4.7) 3.3(2.4-5.8) 2.5(1.8-4.2) 0.042

The bold indicated the items with statistically significant difference between the two groups

EAD, early allograft dysfunction; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for end-stage liver disease; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; NLR, neutrophil-lymphocyte ratio; PLR, platelet—

lymphocyte ratio; INR, international normalized ratio; SMA, skeletal muscle area; SMD, the mean attenuation of skeletal muscle; SAT, subcutaneous adipose tissue; VAT,
visceral adipose tissue; VSR, visceral to subcutaneous adipose tissue area ratio; IMAT, intramuscular adipose tissue
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Table 4 Multivariate analysis of risk factors for early allograft dysfunction after propensity scoring-matched (PSM) analysis
Variables EAD No EAD P value Multivariate analysis

(n=45) (n=45) (<0.10)

OR 95% Cl p value

Child-Pugh class A/B/C (%), N (%) 24/14/7 (53.3/31.1/15.6) 21/22/2 (46.7/48.9/4.4) 0.085
SMD (HU), median (IQR) 44.4 (36.6-49.7) 45.8 (41.4-50.7) 0.059 3.84 1.23-12.00 0.020
VAT (cm?), median (IQR) 88.2(59.1-141.8) 73.0 (30.1-122.7) 0.047 3.95 1.16-13.51 0.029
VSR, median (IQR) 0.93(0.70-1.21) 0.80 (0.57-0.99) 0.042
IMAT (cm?), median (IQR) 33(24-5.8) 2.5(1.8-4.2) 0.042

The bold indicated the items with statistically significant difference

EAD, early allograft dysfunction; OR, odds ratio; 95% Cl, 95% confidence interval; SMD, the mean attenuation of skeletal muscle; VAT, visceral adipose tissue; VSR,

visceral to subcutaneous adipose tissue area ratio; IMAT, intramuscular adipose tissue
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multivariate analysis after PSM analysis. However, the
SMA between two groups was not significantly differ-
ent before and after PSM analysis. Although many pre-
vious studies have reported that low muscle mass was
significantly associated with survival in patients who
suffered from hepatocellular carcinoma or received LT
[36-38], recent studies tend to show that muscle qual-
ity rather than muscle quantity was identified as a prog-
nostic marker in LT recipients [24, 39]. IMAT is thought
to begin to increase when lipids intake exceeds the dis-
posal capacity of adipose tissue and muscle, and the
increase represents the decline in muscle strength and
quality [40]. The accumulation of IMAT may be associ-
ated with a muscle-to-liver cross-talking that the secre-
tion of pro-inflammatory cytokines would increase and
concentrations of myokines would decrease, which may
in turn lead to systemic inflammation with unfavorable
immune response and restricted graft regeneration [41].
In the study of Czigany et al. [24], the researchers have

reported that patients with high IMAT accumulation and
correspondingly low SMD, rather than reduced muscle
mass, had significantly higher post-transplant complica-
tion rates and poor perioperative outcomes, which was
similar with our results.

Meaningful clinical parameters

In this study, multivariate analysis showed that serum
albumin, PLR, VAT area were significantly associated
with EAD before PSM analysis. The relationship between
serum albumin and post-transplant outcomes remains
controversial. Many previous studies have demonstrated
that there is no significant correlation between preop-
erative serum albumin and patient or graft survival [42,
43]. However, in the studies of Hiroi et al. [44] and Ber-
nardi et al. [45], serum albumin can influence short-term
outcomes following LT and the albumin administration
to patients on wait-listed for LT should be strengthen,
which was in line with our results. They hold the view
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that maintaining high serum albumin level reflects good
nutritional status and can reduce the amount of fluid col-
lection in abdominal or thoracic cavity, which could resist
the catabolic state induced by surgical stress and inflam-
matory response in the early postoperative period. As for
PLR, our findings stay consistent with several observa-
tions of the PLR prognostic role in patients undergoing
LT [46, 47]. Pravisani et al. [47] reported that pre-LT and
post-LT PLR has shown clear associations with short- or
long-term outcomes and HCC recurrence, which can be
used as inflammatory and nutritional biomarkers to offer
reliable prognostic information after LT. Elevated PLR
reflects the more severer liver inflammation and worse
nutritional status, and this may be the reason why PLR
was significantly associated with EAD [48].

Remarkable performance of VAT

Previous studies have revealed that high VAT area
measured by CT is associated with greater risk of post-
transplant complications and outcomes. For instance,
in the study of Kamo et al. [49], the authors found that
incidence of post-transplant bacteremia was significantly
higher in patients with high visceral fat area. Terjimanian
et al. [50] reported that excessive visceral fat was associ-
ated with a shorter one-year and five-year survival after
LT. According to Montano-Loza et al. [51], increased
visceral fat area was significantly associated with post-
transplant tumor recurrence on 78 hepatocellular car-
cinoma liver transplant recipients. Our results showed
that visceral, instead of the subcutaneous adipose deposi-
tion, worked as a significant risk factor for the develop-
ment of EAD. After adjustment for potential confounders
with PSM analysis, the independent association between
VAT area and EAD still exists. In addition, our study
also found that VAT area might also have certain clinical
value for predicting the OS of recipients.

Prior researches have shown that VAT compared with
SAT contains a larger number of inflammatory and
immune cells. The cells will release more pro-inflamma-
tory cytokines such as tumor necrosis factor (TNF)-q,
interleukin (IL)-6, IL-1b and monocyte chemoattract-
ant protein-1 to create a pro-inflammatory microenvi-
ronment that potentially impairs immune function [52].
However, anti-inflammatory cytokines such as adiponec-
tin is more highly secreted form SAT [53]. Thus, patients
with high amount of adipose tissue in the visceral region
are more easily to be in a state of chronic inflamma-
tion status. On the other hand, the pro-inflammatory
cytokines especially TNF-a released by VAT plays an
important role in the hepatic ischemia/reperfusion injury
(IRI), which is considered to serve as pivotal mechanisms
of influencing early and long-term results of the organ
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transplantation [54, 55]. Therefore, high VAT area can
upregulate the release of pro-inflammatory cytokines
that contribute to the IRI, thereby promoting a higher
incidence rate of EAD and having a negative impact on
the long-term outcomes. In addition, it has been believed
that VAT exerts damaging metabolic effects. Excessive
accumulation of VAT has high rate of insulin resistance
by provoking greater toxic-free fatty acids (FFA) release
[56]. FFAs and adipokines secreted from VAT can flow
into the liver through the portal vein and directly medi-
ate the metabolic changes and injury of the graft [57].
As reported in previous researches, the accumulation
of VAT contributes to increased risk of metabolic syn-
dromes such as cardiovascular events, hyperlipidemia,
and diabetes mellitus [15, 58], which may deteriorate the
healthy status and indirectly lead to the decline of the OS
rate of high VAT group.

This study has several important limitations. First, the
number of patients was small in our study, and female
patients account for only 18.9% in the cohort; further
studies with multi-center larger sample size are needed to
confirm the results of this study. Second, this study was
retrospective, patients who did not receive an abdominal
CT scan within 3 months before LT were not included
in the study, and this may have caused selection bias.
Although PSM analysis was used to reduce the bias, the
results may be affected by unconsidered factors. Third,
due to the lack of donor and operation-related data, we
are unable to analyze the risk factors of EAD compre-
hensively. Additionally, the follow-up time is short, and
the direct effect of high VAT area on worse OS and graft
survival are needed to be testified based on long-term
follow-up in the future.

In conclusion, LT recipients with a high amount of vis-
ceral fat were more likely to develop EAD. It also seems
to have certain clinical value for predicting poor long-
term prognosis of patients who underwent LT. More
importantly, liver transplant candidates with high VAT
area may be targets for timely therapeutic intervention to
improve short- and long-term outcomes.
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